Intermodal
Dispersion-This dispersion is found in multi-mode fiber due to multipath propagation of different light rays and rays do not reach other end of fiber at same time.
Chromatic Dispersion-
In optical fiber different colors of light travels with different speed. Even though all colors start to travel at same time but they reach destination at different times. This time delay is called as Chromatic dispersion. Here chromatic stresses the fact that's the time delay depend on color difference or wavelength difference between light and this results light pulse broadening. Chromatic dispersion is sum of Material dispersion and Waveguide dispersion.
Material Dispersion-
The refractive index of silica which is used to make optical fiber is frequency dependent. Different frequency component or different wavelength of light travel at different speed in silica and this give rise to a phenomena called material dispersion. This dispersion cannot be changed as it depends on material refractive index which is fixed for glass. Quantitatively it can be calculated as:
where (1) λ=wavelength, n=refractive index of material c=velocity of light
Waveguide dispersion:
This dispersion is due to modal nature inside optical fiber. Light pulse travel partly in core and partly in cladding. Light pulse travel faster in core and slower in cladding. Over all speed depends on proportional power that is distributed in core and cladding. However power distribution is function of wavelength; longer wavelength more will be the power, hence different color of light travel at different speed because of different power distribution in core and cladding. This phenomenon is called waveguide dispersion .We can change fiber refractive index profile so waveguide dispersion compensate for material dispersion and we get zero chromatic dispersion at 1310nm wavelength [1]. (Fig. 1 taken from [8] ) Quantitatively waveguide dispersion can be calculated form B-V plot by relation:
∆=n 1 -n 2 / n 1 where n 1 =core refractive index n 2 =cladding refractive index B=normalized propagation constant V= Normalized frequency or V number λ=wavelength.
Polarized Mode Dispersion:
It means different travelling speed of two different polarization mode of light pulse, so they arrive at different time which creates time delay between two polarization modes. This time delay is called differential group delay (DGD). Due to this DGD there is dispersion called Polarized mode dispersion (PMD).
Due to the dispersion, light wave travelling inside fiber gets broadened. Due to broadening of pulse, two consecutive pulse overlap with each other, causing Inter symbol interface (ISI). Due to ISI, the receiver is unable to distinguish between two symbols. This lead to error in symbol detection, so there is necessity of dispersion compensation as dispersion limits the data rates which could be sent on optical fiber for optical communication. There are various methods for dispersion compensation which are based on Chirped Fiber Grating (CFG), Dispersion Compensation Fibers (DCF), Self Phase Modulation (SPM), resulting from Kerr nonlinearity to overcome pulse broadening effect of Group Velocity Dispersion (GVD). 
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Chirped Fiber Grating (CFG)
FBG is a dynamic dispersion compensator [4, 5] . The FBG device is able to compensate chromatic dispersion of multiple variation of wavelength, so it is preferred solution for chromatic dispersion compensation. FBG is a reflective device composed of optical fiber that contain a modulation of its core refractive index over certain length or periodic variations of refractive index within the propagating medium (Fig2). Grating reflects light propagating through the fiber when its wavelength corresponds to modulation periodicity. The reflecting wavelength :(λ B ) is called Bragg wavelength, and defined by the relationship [4, 5] :
Increasing interval "chirped" FBG compensation for chromatic dispersion λ B =2 n eff ʌ G (3) Grating period =ʌ G where λ B =Bragg wavelength n eff= Effective refractive index FBG regular interval pattern is reflective at one wavelength (Fig 3) . Application in notch filter, add /drop multiplexer Chirped FBG is based on principle of diffraction grating [4, 5] . Chirp FBG enables the grating to reflect the various wavelengths at different points along its grating length. Therefore it sets off different delay for all different frequency or wavelength. The shorter wavelength travel faster, will arrive at FBG earlier and get reflected further up the FBG where its Bragg condition is met. Hence a longer delay is introduced for shorter wavelength which travels faster and smaller delay is introduced for larger wavelength which travels slower. Thus at the circulator the pulse will be undispersed (Fig 4) . Here Grating period ( ʌ G ) is not constant but changes over length and bragg wavelength also varies along grating length. Thus different frequency components of incident optical pulse are reflected at different points depending on where Bragg condition is satisfied locally. FBG is used in two configurations for dispersion compensation [6] : Pre -compensation-FBG is placed at beginning of fiber network and before amplifier Post-compensation-FBG is placed at end of fiber span and before last amplifier.
III. Dispersion Compensation Fiber (Dcf)
This is special type of fiber having large negative dispersion of -70 to -90 Ps/nm km [6] , so it can be used to compensate for positive dispersion of transmission fiber. Effects like Group velocity dispersion (GVD) and Kerr nonlinearity, degrades performance of optical WDM system. Because of non linear nature of propagation, system performance depends on power level of input of different type of fibers, on position of DCF and on amount of dispersion. According to relative position of DCF and single mode fiber pre-compensation, post-compensation, symmetric/mix compensation is proposed [3, 5, 7] (Fig.5 ; taken from [3] ).
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IV. Non Linearity Effect
Non linearity of optical fiber means that medium properties are modified by pulse itself. Considering Kerr nonlinearity where refractive index of medium change is proportional to power density of incident light pulse inside optical fiber the refractive index of glass in presence of non linear effects [8] is given as:
where n(ῳ)=Linear refractive index n 2 |E| 2 = term contributing to non linearity in refractive index n 2 =non linearity coefficient Thus the approximated differential equation which is called Non Linear Schrodinger equation(NLS) governing the behavior of pulse evolution of an optical fiber inside optical fiber in presence of non linear effect is given by [9] : ∂A/∂Z -j β 2 /2 ∂ 2 A/∂t 
GVD Regime: In this case (Case2), amplitude spectrum of pulse remain unchanged and only component with different frequency undergo phase change which is proportional to (ῳ) 2 and distance Z. Frequency chirp phenomena is also observed where inside pulse frequency is going to change from one end of pulse to another end of pulse. Here in plot two chirp phenomena are defined; one is normal dispersion region (β 2 >0, λ<1300nm) where chirp is positive and second is anamolous dispersion regime (β 2 <0 , λ>1300nm) where chirp is negative (Fig 6 : taken form Nptel )
Figure6: Frequency change with time
Non linearity limited regime: In this case (Case3), SPM effect is seen but frequency chirp is positive. Pulse in time domain remain intact and only phase changes, so frequency spectrum gets modified (Fig.7) . If we consider Case 4 and choose parameter of pulse in such a way that dispersion and nonlinearity both play a role and the frequency chirp created by anomalous dispersion in GVD regime which is negative is balanced by positive slope of frequency chirp created by SPM effect, then both chirp phenomena will cancel each other and we will get constant frequency all over the pulse and then there will be no pulse broadening in time domain [9] .This phenomena of balancing effect of frequency chirp to compensate the dispersion using nonlinear effect give rise to pulse which can propagate without broadening or contracting over longer distance provided non linear effects are maintained on optical fiber. This phenomena where two effects balance each other such that pulse do not get distorted over longer distance is called Soliton. We do normalization of parameters so above NSE equation [9] [10] Solution of above equation NSE with certain approximations give rise to soliton and for N=1 we get fundamental soliton (Fig 8) given by [8, 9] 
V. Conclusion
We have discussed various dispersion compensation techniques which include chirped FBG pre and post compensation methods, DCF pre, post and mix compensation scheme and Kerr nonlinearity effect. I conclude by reducing dispersion on optical fiber by various methods we can enhance the performance of optical fiber communication link and allow transmission at high speed in range of few tens of Giga bits per second or more by choosing proper parameters.
